Abstract: Survival for patients with unresectable advanced or recurrent gastric cancer (GC) remains poor and the historical lack of evidence-based therapeutic options after second-line therapy is reflected in current clinical guidelines for this condition. Despite uncertainty about optimal therapeutic strategies, further treatment is appropriate for some patients after failure of second line and may prolong survival. This approach has been reported in clinical trials and is becoming more common in real-world clinical settings. Several prognostic factors may increase the likelihood that a patient will be eligible for treatment in the third-line setting, including geographic location, status at diagnosis and response to treatment. There has been little progress over the last decade until the results from two large phase III randomized controlled trials completed in the last year: the ATTRACTION-2 trial with the programmed cell death-1 (PD-1) inhibitor, nivolumab, in an Asian population; and the TAGS trial with the oral chemotherapy trifluridine/tipiracil in a global population. Both ATTRACTION-2 and TAGS reported positive results in third-line treatment in advanced GC in specific patient groups. A further recently reported study, KEYNOTE-059, which was a single-arm phase II trial of the PD-1 inhibitor pembrolizumab in a mainly non-Asian population, has provided evidence supporting the use of this immunotherapy in patients with advanced GC. As further third-line options become available, more GC patients are expected to benefit from an individualized evidence-based approach to later-line therapy, with a common goal of extending survival and improving outcomes for their refractory disease.
Introduction
Gastric cancer (GC) is the fifth most common cancer worldwide, with 951,000 new cases each year, and the third leading cause of cancer death, with 723,000 events annually. 1, 2 Incidence varies between regions; with the highest rates in Eastern Asia, Central and Eastern Europe, and South America, and lower rates in Western Europe, North America and Africa. 2 Despite a gradual decline over time in incidence in both high-and low-prevalence countries, GC remains a serious global health burden. 2 Surgical resection of GC, specifically at early stages, is potentially curative; however, following resection, disease relapse still occurs in the majority of patients. 3 In addition, by the time they are diagnosed, approximately 50% of patients have already developed locally advanced or metastatic GC (stage IV). 4 For fit patients with inoperable locally advanced or metastatic disease, current clinical guidelines, such as those from the European Society of Medical Oncology (ESMO), recommend the use of doublet or triplet platinum/fluoropyrimidine combinations as first-line treatment in human epidermal growth-factor receptor 2 (HER-2)-negative patients, and trastuzumab with platinum and fluoropyrimidine-based chemotherapy for HER-2 positive patients. 3, 5 Taxanes (docetaxel, paclitaxel), irinotecan or ramucirumab (alone or in combination with paclitaxel) are recommended as second-line treatment options for patients with performance status (PS) 0-1. 3, 5 In current GC guidelines, the first-and secondline recommendations are supported by level I evidence [i.e. based on at least one large randomized, controlled trial of good methodological quality (low potential for bias) or meta-analyses of well-conducted randomized trials without heterogeneity]. 3 Until recently, there have been no good-quality data to support third-line treatment in metastatic GC. Although trials evaluating the safety and efficacy of several chemotherapy and targeted agents have been reported, these have not provided sufficiently robust level I evidence, as most were nonrandomized and frequently single-centre trials.
Chan and colleagues 6 identified randomized trials evaluating the efficacy, toxicities and quality of life (QoL) of third-line systemic treatment versus best supportive care (BSC) in metastatic GC patients after failing two lines of systemic treatment. Four studies reporting overall survival (OS) after thirdline therapy were considered with five comparisons. In the meta-analysis of OS results from these trials, compared with BSC, third-line therapy improved OS [hazard ratio (HR) 0.63; 95% confidence interval (CI) 0.46-0.87, p = 0.006], corresponding to an improvement in median OS (mOS) from 3.20 to 4.80 months. However, two of the four studies for this analysis (Table 1) enrolled relatively small groups of patients (<50 in the treatment arms). For example, just 33 out of the 133 patients enrolled in a large Korean study were treated with third-line salvage chemotherapy. 7 Additionally, three of the studies included in the meta-analysis related to apatinib (rivoceranib), 8, 9 which is licensed for the treatment of GC in China, but remains in clinical development elsewhere. 10 Lastly, despite enrolling a relatively large number of patients, the results of a study of everolimus 11 (which is not licensed for use in GC) were included. In this study, everolimus did not demonstrate a significant improvement in mOS for third-line therapy versus BSC. 11 Given such limitations within the available evidence base, the most recent ESMO guidelines suggested that the second-line options can be used sequentially, but also stated that 'there is no clear evidence for a benefit beyond second-line treatment'. 3 It is against this background that over the past year, findings from three trials of emerging thirdline therapy options in metastatic GC have become available. [12] [13] [14] This short review article discusses current later-line management of metastatic GC and the results from these trials.
Late-line treatments: current options
Despite the previous lack of evidence to define optimal treatments in the third line and beyond in patients with advanced GC, further treatment is appropriate for some patients after failure of earlier lines and was associated with extended survival, although there are clear biases when assessing this outside the context of randomized trials. Later-line 16 The proportion of patients receiving second-line treatment in the real-world UK study was 39%, which was similar to that observed in retrospective analyses of medical records data from GC patients in the US (42%; n = 5257) 18 and Italy (39%; n = 2200). 19 Across these three studies, the proportion of patients receiving third-line treatment was also similar (14% in the UK, 18% in the US, 15% in Italy). 16, 18, 19 As these real-world studies spanned periods before the approval of ramucirumab as a second-line option, they may under-represent the proportion of patients who may currently be eligible for second-line therapy.
Analyses of outcomes from clinical trials and realworld studies have identified several factors that predict longer OS in GC and thus may also increase the likelihood that a patient will be eligible for treatment in the third-line setting (Table 2 ). These prognostic factors include geographic location, 17 Table 2 . Prognostic factors predicting more lines of therapy for patients with GC.
Factor Notes

Geography
In the RAINBOW trial, patients in Asian countries were more likely to receive third-line therapy (69%) than those in non-Asian countries (38%) 17 Chemosensitivity at diagnosis
(1) The Royal Marsden Hospital Prognostic Index is based on pooled survival data from 1080 patients enrolled onto three multicentre RCTs evaluating first-line chemotherapy in locally advanced or metastatic GC 20 and have been validated using an independent data set (n = 1002 patients). 21 Patients are assigned to 'good', 'moderate', or 'poor' risk groups (each with highly significant survival differences) based on the presence of 0 to 4 of the following poor prognostic risk factors: PS ⩾ 2, liver metastasis, peritoneal metastasis, and serum alkaline phosphatase ⩾ 100 U/l 20 (2) In GC, RCT patients identified as 'good' risk (n = 239) using the Royal Marsden Hospital Prognostic Index (i.e. having none of the four risk factors), receiving first-line chemotherapy had a significantly improved survival after receiving first-line chemotherapy compared with patients having 'moderate' (n = 487) or 'poor' risk (n = 91); p < 0.00001 20 (3) Overall, patients with more chemosensitive tumours may be more likely to receive later lines of therapy after surviving beyond first line (also see below)
Response to earlyline treatment
(1) A meta-analysis of patient-level data from three phase III clinical trials in relapsed gastric and oesophageal cancers identified TTP after first-line chemotherapy significantly impacts responses to second-line chemotherapy: patients progressing 3-6 months following first-line chemotherapy gained most benefit in OS (p < 0.0001) 22 (2) In a real-world cohort of GC patients (n = 300) treated with at least three lines of chemotherapy, those having a first-line PFS ⩾ 6.9 months and having a PFS to second line ⩾ 3.5 months had better outcomes (in terms of a longer PFS to third line and a longer OS on third line), compared with those who had shorter PFS (p = 0.008 and p < 0.001, respectively) 19 GC, gastric cancer; OS, overall survival; PFS, progression-free survival; PS, performance status; RCT, randomized controlled trial; TTP, time to progression.
chemosensitivity at diagnosis 20, 21 and response to treatment. 20, 22 Overall, it seems that patients with low tumour burden, slower tumour growth rate and chemosensitive tumours are more likely to reach the third line of treatment.
Emerging treatment in later lines: options for tomorrow
Understanding which patients may benefit from third-line therapy in advanced GC is of growing interest in light of recent trial findings which support the safety and efficacy of the programmed cell death-1 (PD-1) inhibitors nivolumab 12 and pembrolizumab, 13 and the oral chemotherapy combination trifluridine/tipiracil as third-line treatments in this setting 14 (Table 3 ). These studies are discussed in more detail in the following sections.
ATTRACTION-2 nivolumab phase III study in an Asian population
The ATTRACTION-2 study [ClinicalTrials.gov identifier: NCT02267343] was the first phase III study of an immune checkpoint inhibitor in patients with advanced gastric or gastro-oesophageal junction cancer. 12 This randomized, doubleblind, placebo-controlled study was conducted exclusively in Asian countries (Japan, Taiwan and Korea) and assessed the efficacy and safety of nivolumab in 493 patients who had previously been treated with two or more chemotherapy regimens. In both the nivolumab and placebo arms, most patients (>80%) had GC as the site of their primary tumour. In the nivolumab group, although the objective response rate was modest (11.2%), the median OS was significantly increased (5.3 months versus 4.1 months in the placebo group; HR 0.63, 95% CI: 0.51-0.78; The objective response rate (ORR) in ATTRACTION-2 (11.2%) 12 was less than that observed for nivolumab in melanoma (44%, from the phase III CheckMate 067 study 25 ) or in nonsmall-cell lung cancer (NSCLC; 18%, from pooled study data), 26 suggesting that nivolumab's benefits are restricted to a smaller proportion of patients in chemorefractory GC than in melanoma. ATTRACTION-2 did, however, show that nivolumab has a favourable safety profile and is an effective treatment in this patient population. The ATTRACTION-2 trial supported nivolumab's approval in Japan, Taiwan and Korea (countries participating in the study). 27, 28 It should be noted that while the results of the ATTRACTION-2 study are encouraging in an Asian population, it has been demonstrated that GC tumours in Asian patients exhibit distinct gene-expression signatures related to T-cell function compared with non-Asian patients. 29, 30 In particular, tumours in non-Asian patients express higher levels of markers associated with T-cell activity, including CTLA-4, CD3, CD45R0 and CD8, and lower levels of the immunosuppressive T-regulatory cell marker FOXP3 compared with those in Asian patients. 30 These differences should be taken into consideration when discussing the potential effectiveness of nivolumab as a treatment for advanced GC in a non-Asian population. These differences and the potential lack of generalizability may have influenced regulatory authorities when considering licensing applications for nivolumab in non-Asian jurisdictions. However, cross-trial comparison of the ORR and OS associated with anti-PD-1 therapy in chemorefractory GC does not reveal any major differences in efficacy between Asian and global populations.
KEYNOTE-059 pembrolizumab phase II study
The KEYNOTE-059 study [ClinicalTrials.gov identifier: NCT02335411] was a nonrandomized, phase II, open-label, single-arm, multicohort study to evaluate the safety and efficacy of pembrolizumab monotherapy in patients with previously treated advanced gastric or gastro-oesophageal junction cancer. 13 Patients were enrolled at sites in 16, mainly non-Asian, countries and the study population of 259 patients had a relatively even split between cases of gastric (48.3%) and gastrooesophageal junction (51.4%) cancer.
After a median follow up of 5.8 months, the ORR for pembrolizumab was 11.6% in the overall (biomarker-unselected) study population. 13 In colorectal cancer (CRC), patients whose tumours are microsatellite unstable (MSI)-high (MSI-H) express a large number of aberrant proteins that are recognized as 'nonself' antigens. These antigens trigger an antitumour immune response that correlates with a high response rate to PD-1 therapy. 31 When MSI-H patients were removed from the KEYNOTE-059 GC population, the ORR was 9.0%. 13 When evaluated according to PD-L1 expression status, the ORRs for patients in KEYNOTE-059 who were PD-L1-positive [combined positive score (CPS) ⩾ 1], and -negative (CPS < 1) were 15.5% and 6.4%, respectively. 13 The median response duration was longer for patients who were PD-L1-positive, compared with those who were PD-L1-negative (16.3 versus 6.9 months, respectively). Thus, an effect of PD-L1 expression on gastro-oesophageal tumours ORR and median response duration for pembrolizumab was observed in this study, 13 which contrasted with the results for nivolumab in the ATTRACTION-2 study, where broadly speaking, PD-L1-positive and -negative tumours appeared to derive a similar benefit from nivolumab. 12 In part, this may be due to different antibody-based assays in the two studies: in ATTRACTION-2, PD-L1 positivity was defined by immunohistochemistry staining in ⩾1% of tumour cells only, 12 whereas in KEYNOTE-059, PD-L1 positivity was determined on the basis of a CPS which counted the number of tumour cells, macrophages and lymphocytes with positive staining. 13 Additionally, the biomarker results from ATTRACTION-2 should be treated cautiously, as these were retrospectively assessed on a small proportion of patients. 12 In KEYNOTE-059, two deaths were considered related to treatment. 13 One or more TRAEs of any grade were experienced by 156 of the patients (60.2%) treated with pembrolizumab. Most TRAEs were mild to moderate; the most common any-grade adverse events (AEs) were fatigue, pruritus, rash, hypothyroidism, decreased appetite, anaemia, nausea, diarrhoea and arthralgia. Based on the results of this phase II, single-arm study, the US Food and Drug Administration (FDA) granted accelerated approval to pembrolizumab for patients with recurrent locally advanced or metastatic, gastric or gastro-oesophageal junction adenocarcinoma whose tumours express PD-L1. 32 
TAGS trifluridine/tipiracil global phase III study
The TAGS study [ClinicalTrials.gov identifier: NCT02500043] was a global, randomized, double-blind, placebo-controlled, phase III study to evaluate the efficacy and safety of the oral cytotoxic chemotherapy trifluridine/tipiracil versus placebo in metastatic GC patients pretreated with at least two prior regimens, who were refractive to, or unable to tolerate, further chemotherapy. 14 The study enrolled 507 patients from 110 sites across 17 countries (86% of the patients were from countries outside East Asia; 14% were from Japan). Patients were randomized to receive trifluridine/tipiracil plus BSC or placebo plus BSC. In both arms, 71% of the patients had GC as the site of their primary tumour. Patients in the study were followed up for a median of 10.7 months. Trifluridine/tipiracil met the primary endpoint to improve OS (mOS was 5.7 months and 3.6 months for patients receiving trifluridine/tipiracil versus placebo, respectively, HR 0.69; 95% CI 0.56-0.85; one-sided p = 0.0003). 14 Secondary endpoints in the TAGS study included progression-free survival (PFS), and safety and tolerability. PFS was significantly longer with trifluridine/tipiracil versus placebo (median PFS was 2.0 months versus 1.8 months, respectively; HR 0.57; 95% CI 0.47-0.70; two-sided p < 0.0001).
One treatment-related death was reported in each of the study arms. TRAEs were reported in 81% of the patients treated with trifluridine/tipiracil (n = 335) versus 57% of the patients on placebo (n = 168). The most frequently occurring nonhaematological AEs observed in patients receiving trifluridine/tipiracil were nausea, decreased appetite, fatigue, vomiting and diarrhoea. Grade 3 or worse neutropenia was reported in 34% of patients receiving trifluridine/tipiracil and in none of the patients receiving placebo. Overall, the safety profile of trifluridine/tipiracil was manageable and consistent with that seen previously in patients with metastatic CRC. No new safety signals were observed in patients with metastatic GC in the study. 14 In prespecified multivariate Cox regression analysis, the following factors were prognostic of improved OS in the TAGS study (all p < 0.05): Eastern Cooperative Oncology Group performance status (0 versus 1), age (<65 versus ⩾65 years), number of prior regimens (2 versus ⩾3), number of metastatic sites (1 or 2 versus ⩾3), and HER-2 status (negative versus positive or not done). 14 After adjusting for these factors, the treatment effect for trifluridine/tipiracil was maintained, that is, a magnitude of benefit, with HR: 0.69; 95% CI: 0.56-0.85.
The TAGS study shows that a chemotherapybased approach with trifluridine/tipiracil provides comparable improvement in mOS with that seen for immunotherapy-based approaches using nivolumab or pembrolizumab in patients with advanced or metastatic GC. [12] [13] [14] However, for the small proportion of patients who respond to immune-checkpoint blockade, responses may be more durable. The safety and tolerability profiles for these agents differ, for example, managing haematological AEs such as neutropenia may be of greater importance when using trifluridine/ tipiracil, whereas managing immune-related AEs such as diarrhoea, or rash and pruritus may be of greater concern when using nivolumab or pembrolizumab. For all three agents, there were no new safety signals observed in patients with gastro-oesophageal cancer, which should provide some reassurance for clinicians, as these medicines move towards entering use in new clinical settings.
Considerations for immunotherapy versus chemotherapy approaches
As discussed above, the ATTRACTION-2 12 and KEYNOTE-059 13 studies supported licensing of nivolumab and pembrolizumab for use as thirdline therapy in chemorefractory GC, with differing requirements in relation to PD-L1 status. These trials suggest a class effect for PD-1 inhibition; the ORR observed for nivolumab in ATTRACTION-2 (11.2%) 12 was similar to that reported for nivolumab monotherapy in the advanced/metastatic gastro-oesophageal cancer cohort (n = 59) of the phase I/II CheckMate 032 study (ORR = 12%) [ClinicalTrials.gov identifier: NCT01928394], 33 and to that seen for pembrolizumab in KEYNOTE-059 (ORR = 11.6%). 13 Across these three studies, the mOS was similar for patients receiving either of these PD-1 inhibitor therapies (5.3, 6.2 and 5.6 months in ATTRACTION-2, 12 the CheckMate 032 nivolumab monotherapy cohort, 33 and KEYNOTE-059, 13 respectively). In the KEYNOTE-059 and CheckMate 032 studies, patients with PD-L1-positive tumours had a higher ORR to nivolumab and pembrolizumab, respectively, compared with those who were PD-L1-negative (ORR was not evaluated in the exploratory analysis of PD-L1 status in the ATTRACTION-2 study).
Recently, in the KEYNOTE-061 (NCT02370497) randomized, open-label, phase III global study, second-line treatment with pembrolizumab failed to meet the primary endpoint of significantly improving OS versus paclitaxel in patients with advanced gastro-oesophageal cancer who had PD-L1 CPS ⩾ 1 (HR 0.82; 95% CI 0.66-1.03). 34 This global study included 395 patients from 30 countries (<30% of those enrolled were Asian) and had a median follow up of 8.5 months. The results showed that the benefit of pembrolizumab on OS was delayed in patients with PD-L1 CPS ⩾ 1, that is, initially, chemotherapy with paclitaxel resulted in higher OS versus the immunotherapy approach, whereas from around 8 months onwards, the OS was higher for pembrolizumab. In a post hoc analysis, the pembrolizumab treatment effect for OS was greater for PD-L1 CPS ⩾ 10 (HR 0.64; 95% CI 0.41-1.02). 34 The KEYNOTE-061 data suggest that higher levels of PD-L1 can predict better survival when advanced GC is treated with pembrolizumab. This has been confirmed in the KEYNOTE-181 study of 2L pembrolizumab in oesophageal cancer including gastro-oesophageal junction adenocarcinoma. 35 In contrast, tumour PD-L1 expression did not influence prognosis in the randomized, global phase III JAVELIN Gastric 300 trial [ClinicalTrials.gov identifier: NCT02625623] of the anti-PD-L1 antibody avelumab as third-line therapy in adult patients with advanced GC or gastro-oesophageal junction cancer. 36 In this study, avelumab did not meet the primary endpoint of improving OS, or the secondary endpoints of PFS and ORR, versus physician's choice of chemotherapy, although fewer patients had TRAEs with avelumab than with chemotherapy (either any-grade or grade ⩾ 3 TRAEs).
These studies suggest that characterizing prognostic markers indicating the likelihood of response to specific checkpoint inhibitor immunotherapy agents will be important to ensure that the most appropriate treatment strategy, for example, immunotherapy or chemotherapy, is selected. The safety profile of individual therapies will also need to be considered. Cytotoxic chemotherapies such as trifluridine/tipiracil seem to be associated with short-term AEs, such as neutropenia, whereas pembrolizumab and nivolumab are associated with immune-related AEs (e.g. colitis, pneumonitis), which may require longerterm management strategies. 14 The mOS values for third-line treatment with pembrolizumab, nivolumab and trifluridine/tipiracil in the main studies discussed in this review (KEYNOTE-059, ATTRACTION-2 and TAGS) were each in excess of 5 months. [12] [13] [14] The first randomized phase III trial to compare chemotherapy with BSC in second-line treatment of metastatic GC was carried out in Germany and the results were reported in 2011. 37 In that study, the mOS for treatment with irinotecan given in second-line was 4.0 months (n = 19 patients) versus 2.4 months for BSC (n = 21 patients). Thus, the most recent studies demonstrate a trend for improvement over time in survival outcomes for patients with advanced GC receiving treatment, even in those already having received two or more earlier lines of therapy, [12] [13] [14] and in metastatic GC patients from White/non-Asian populations, where shorter survival times have been observed on treatment, relative to patients from Asian populations. 17 
Conclusion
Although recent years have seen more extensive use of chemotherapy in later-line treatment of advanced GC, 16, 18, 19 clinicians have faced a challenge when choosing therapy beyond second line due to the lack of evidence-based guidance to support specific drugs. 3 One option has been to use a taxane or irinotecan in the third-line setting, depending on what has been used previously; however, this approach is not supported by much good-quality evidence. 38 Results from the ATTRACTION-2 and TAGS studies provide robust level I evidence for the use of nivolumab and trifluridine/tipiracil, respectively, in third-line therapy for appropriate patients. 12, 14 Supported by the phase III ATTRACTION-2 study in Asian patients, nivolumab has now gained approval as a biomarker-unselected treatment for metastatic GC patients in Japan, Taiwan and Korea (where this trial took place). 27, 28 Based on the results of the global phase II KEYNOTE-059 study, the FDA granted accelerated approval to pembrolizumab for patients with metastatic GC whose tumours express PD-L1. 32 In the United States, findings from the global, phase III TAGS study 14 have been translated into label updates for trifluridine/tipiracil, 39 permitting its use as a third-line therapy in appropriate patients with metastatic GC there. It is likely that these treatments will find their way into routine clinical use.
Factors to consider when determining whether antibody immunotherapy targeting PD-1, or chemotherapy with trifluridine/tipiracil, is more appropriate in advanced GC include: the individual's tumour profile (e.g. MSI status, 40 PD-L1 expression level 34, 35 ), pace of disease (e.g. whether the time to progression on first-or second-line therapy has been relatively rapid 19, 22 ), disease burden (e.g. the potential effect of further treatment on QoL versus life expectancy), comorbidities (e.g. the presence of renal or hepatic impairment), and whether there is residual toxicity from prior therapies (e.g. neutropenia or thrombocytopenia). Furthermore, the pattern of tumour metastasis, such as the presence or absence of peritoneal or liver metastases, may influence the treatment strategy.
Insights and clinical experience from the use of nivolumab, pembrolizumab and trifluridine/tipiracil in previously-licensed indications should help healthcare professionals to use these drugs effectively and to minimize the risk of TRAEs when adopting them as a new armamentarium for third-line therapy in metastatic GC. A further agent, regorafenib, a small-molecule inhibitor of multiple tyrosine kinases, was effective in prolonging PFS in refractory advanced gastric adenocarcinoma in a multinational placebo-controlled phase II trial (INTEGRATE). 41 The potential benefits of regorafenib in this population are currently being evaluated in a randomized phase III trial (INTEGRATE II) [ClinicalTrials.gov identifier: NCT02773524], due for completion in December 2021. As further third-line options become available, each with distinct qualities, this will increasingly allow patients with metastatic GC to benefit from an individualized, evidencebased approach to later-line therapy, with a common goal of extending survival and improving outcomes for their refractory disease. 
